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(57) Abstract 

A rotary piston engine com- 
prising two segregated body cham- 
bers of compression (10) and expan- 
sion (20), and one separable combus- 
tion chamber (31), carrying out air 
suction and compression, combus- 
tion resultant expansion and ex- 
haust, and fuel injection and con- 
stant-volume combustion process 
without any valve respectively: the 
compression (10) and the expansion 
chamber (20) both are arranged par- 
allel adjacent to each other, each are 
formed by two partially overlapped 
body-bores provided respectively 
with cylindrical hubs at respective 
centers thereof, each have a pair of 
screwed rotors (11, 12, 21, 22) rotat- 
ably mounted on said respective 
hubs, and both communicate to each 
other by the combustion chamber 
and gas passageway means; it is 
characteristic in configuration that 
the closed space made by rotor pro- 
jecting portions are progressively 
changed in geometry as rotors rotate, 
and that exhaust gases make no ex- 
noises. 
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ROTARY PISTON ENGINE 



TECHNICAL FIELD 

The present invention relates to an internal combustion 
rotary engine and to a method of its operation. This 
5 invention particularly relates to a compression-ignition 
rotary engine with simple construction and no valve. 

It is one object of this invention to provide the 
engine and its operation method that overcome compression- 
ignition constant- volume combustion in high-speed. 
10 Another object of this invention is to provide the 

engine that the volume-change of working fluid is 
■ progressively made in the compression and the expansion 
process , 

Another object of this invention is to provide the 
Id' engine having the embodiment readily to maintain sealing of 
working fluid. 

Another object of this invention is to provide the 
engine that' exhaust gases make no explosion noises, the 
thermal efficiency increasing the higher instead. 

20 BACKGROUND ART 

Since the wankel rotary engine has invented, several 
rotary engines having paired rotors meshed with each other, 
such as the E. Martin's Multi -Stage Engine (US Pat. No. 
A32 14907 dated Nov. 2, 1965) and K.D. Sauder's Rotary 
25 Internal Combustion Engine (US Pat. No. B3724427 dated Apr. 
S, 1973), are invented up to the present. These engines all 
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are Inventions using the principle that the volume of a 
space made by recesses between projecting portions of 
rotors are changed as rotors rotate. 

In internal combustion engines, the volume change in 
5 working chambers must progressively be made. In other 
words, the volume of a closed space in a working chamber 
must progressively be decreased or increased without 
opening to another space before finishing a unit process of 
compression or expansion. If the opening takes place. 
10 working fluid back flows, or irreversibly expands in a 
moment without producing power, which either results in 
loss of energe due to increase in entropy. 

None of the said engines makes combustion gases fully 
expand to 1 atm only with one expansion chamber. Therefore, 
15 they must be comprised of plurality of segregated expansion 
chambers fully to expand combustion gases to- 1 atm. This 
results in a complex and large-size construction. On the 
other hand, these engines having rotors meshed with each 
other cannot inherently resolve the problem of working 
20 fluid sealing because a clearance is required between the 
intermeshed rotors for absorbing the movement of thermal 
expansion of heated roters. 

Thermodynamically. as well-known, the thermal 
efficiency of a constant-volume combustion engine is higher 
25 than that of a constant- pressure combustion engine 
operating under the same condition of compression ratio and 
cooling loss. For example, the thermal efficiency of the 
otto cycle on constant-volume combustion is higher than 
that of the diesel cycle on constant-pressure combustion 
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operating at the same compression ratio. In otto cycle 
spark-ignition engines, however, the compression ratio of 
an engine is limited to some maximum value, to preclude 
preignition of a homogeneous air/fuel mixture. Therefore, 

5 the thermal efficiency is practically limited to some 
value. This problem is resolved somewhat by the compression 
-ignition diesel engine. Thus the compression ratio, and 
consequently the efficency, generally is higher than that 
of the spark-ignition engine. But because the system uses a 

10 heterogenous air/fuel mixture, the diesel engine operates 
at lower RPMs and therefore has a lower power output. 

These problems can be overcome by the Ki W. Yang's 
Rotary Engine (US. Pat. No. 4813388 dated Mar. 21, 1989) 
which achives both constant- volume combustion and constant- 

15 pressure exhaust at a high compression ratio and a high 
RPM. The Yang's Engine, however, makes the new problem that 
its combustion chamber is not simple in construction and 
that a deadspace - though small, causing combustion gases 
irreversibly to expand somewhat without producing power - 

20 exists in its expemsion chamber. 

It is the ultimate object of the present invention to 
overcome the all problems stated above. 

DISCLOSURE OF INVENTION 

The present invention is constituted so that: the 
25 compression and the expansion of working fluid are 
progressively advanced by a pair of rotors perfectly 
balanced in moment of inertia, as if the compression and 
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the expansion in a reciprocating piston engine are carried 
out by pistons; the combustion chamber is segregated both 
with the compression chamber and with the expansion 
chamber, is simple in construction, and is made to close 
5 without any valve during fuel burning; fuel is injected 
after high temperature compressed air is heated to the 
higher temperature by previously combusted gases; and 
working fluid sealing is readily maintained. The detailed 
description about the construction of the present invention 

10 is as follows. 

This invention is comprised of a compression and a 
expansion mating-body-bore chamber and a separable 
combustion chamber, carrying out air suction and 
compression, combustion resultant expansion and exhaust, 

15 and fuel injection and combustion process without any valve 
respective.ly. The compression and the expansion chamber are 
both formed by two partially overlapped bores provided 
respectively with cylindrical hubs at respective centers 
thereof. These chambers are arranged parallel adjacent to 

20 each other, and have identical shape to each other, but the 
expansion chamber is larger in size than the compression 
chamber. Both these chambers have a pair of rotors (each 
different in shape) which are rotatably mounted on- 
respective cylindrical hubs by slipping-in. The compression 

25 and the expansion chamber communicate to each other by the 
separable combustion chamber and gas passageway means. 

The rotors all take the screwed shape: one rotor of 
each pair has 3 projecting portions, but the other has 2 
projecting portions. All the rotors have so a empty portion 
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around the shaft that cylindrical hubs are slipped into 
the empty portion to support the rotors; the empty portion 
is much longer than the . rest non-empty portion. For 
sake of convenience, the rotors having 3 projecting 

5 portions are called female rotor, and the others having 2 
projecting portions are called male rotor hereinafter. But. 
as their function, the rotors in the compression chamber 
can be called compression rotor, and the others in the 
expansion chamber can be called power' rotor Cdue to 

10 producing power) hereinafter; for example, the rotor having 
3 projecting portions in the expansion chamber is called 

power female rotor. 

Each female rotor has a ringlike plate with 
comparatively small holes. Hereinafter, the holes of the 

15 compression female rotor are called compressed-air outlet 
(briefly comp-ai r outlet) . and those of the power female 
rotor are called combusted-gas inlet (briefly comb-gas 
inlet). All the rotors are interconnected by a set of 
timing gears so that the female rotors may make 2 rotations 

20 for 3 rotations of the male rotor. Thus a space made by 
recesses between projecting portions of rotors is 
progressively increasedor decreased in closing state, as 
rotors rotate. Hereinafter, the space in the compression 
chamber is called compression pocket, and that in the 

25 expansion chamber is called expansion pocket. Air is 
gradually compressed in the compression pocket without 
back-flowing, and combustion gases are gradually expanded 
in the expansion pocket without producing no power. 



wo 90/02259 



6 



PCr/KR89/00012 



Each of the cylindrical hubs is provided with a seal 
with springs so that the thermal expansion movements of 
heated rotors may be absorbed, which prevents working fluid 
from leaking out from respective pockets. These hubs are 

5 all stuck on one end plate of the compression and the 
expansion chamber; the other end plate is additionally used 
as the wall of a timing gear box. 

The compression and the expansion chamber respectively 
have' one air inlet and one exhaust gas outlet that are 

10 symmetrically arranged near the end plate with the timing 
gear box and along bores-met edges of each chamber. As 
rotors rotate, it is in steady flow that air is sucked into 
the compression chamber through the air inlet, and that 
exhaust gases are discharged into the atmosphere through 

15 the exhaust-gas outlet. 

The hubs-stuck end plate has a compressed-air passage 
(briefly called comp-ai r passage) and a combusted-gas 
passage (briefly called comb-gas passage) which both take 
the shape longish in cross-sectional view. Especially, 

20 comb-gas passage is equipped with a flow control gate for 
controlling the amount of combustion gases flowing from the 
combustion chamber into the expansion chamber. The comb-gas 
passage -is partially opened or closed some more by flow 
control gate operation with moving forward or backward. The 

25 comp-ai r passage and the comb-gas passage periodically 
communicate to the compression and the expansion pocket 
through the comp-ai r outlet and the comb-gas inlet 
respectively, as rotor rotate. In other words, these 
passages are opened when the comp-ai r outlet and the comb- 
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gas inlet, turning, respectively communicate to the comp- 
air and the comb-gas passage in a moment. 

The rotor-supported hubs all are stuck on the end plate 
by bolting their flanges. The hub flange corresponding to 

5 the compression female rotor has a comparatively small hole 
extended from the comp-air passage, and also another hub 
flange to power female rotor has a similar hole extended 
from the comb-gas passage. On these two flanges, 
combustor simple in construction is connected so as to 

10 communicate from the compression chamber through its 
combustion chamber to the expansion chamber. Thus it is 
possible through said respective holes that compressed air 
flows from the compression chamber to the combustion 
chamber, and that combustion gases in the combustion 

15 chamber flow into the expansion chamber, as the comp-air 
and the comb-gas passage are opened respectively; these 
holes are called passage also. 

in the present invention constructed as described 
above, air compression and combustion gas expansion are 

20 progressively advanced according to rotating of rotors 
operating as a piston without back-flowing of compressed 
air and without irreversibly expanding of combustion gases, 
as in a reciprocation piston engine. However, a little 
back-flowing of air takes place in the initial period of a 

25 compression process. 

in the compression chamber, there are the two points at 
which the end plate wall to the timing gear box side meets 
the edge made by the 2 partially overlapped bores. One of 
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the two points is located to the side that the projectng 
portions of rotors meet to each other, and the other is 
located to the side that those depart from each other, as 
rotors rotate. The former is called compression start point 

5 hereinafter. 

In the compression chamber, as the rotors rotate, it is 
continuously made that the compression pocket is born at 
the air inlet and grows up gradually, sucking the air. 
Then, if the front side of the compression pocket of the 

10 male rotor arrives at the compression start point, the 
projecting portion of the female rotor begins to enter the 
pocket to compress the air in it. Then if the rotors turn 
some more, the projecting portion of the female rotor 
depatrs from the compression start point, and then another 

15 compression pocket of the female rotor containing air not 
yet compressed arrives at the compression start point. 
Then, this pocket communicate to the male rotor pocket 
containing air already compressed somewhat. Therefore, at 
this time, according to the pressure difference of these 

20 two pockets, a little back-flowing of the air from the male 
rotor pocket to the female rotor pocket takes place in a 
moment • 

Generally in compression process, when a back-flowing 
of compressed air occurs, irreversible expanding of the air 
25 takes place simultaneously. This expansion does not produce 
any power, and therefore makes a increase in entropy 
instead. The entropy increase either in compression process 
or in expansion process consequently makes a decrease in 
thermal efficiency, proportion to that. 



wo 90/02259 



9 



PCr/KR89/00012 



In the present invention, the back-flowing of air 
occurs in the initial period of a unit compression process. 
Moreover, the rotors of this invention take screwed shapes. 
Hence, when the male rotor compression pocket communicates 

5 to the female rotor compression pocket since the projecting 
portion of the female rotor enters the said male rotor 
pocket, the air is appreciably compressed in the male rotor 
compression pocket; that is, there is no appreciable 
difference of pressures of the two pockets. Therefore, the 

10 air appreciably back-flows into the compression pocket of 
the female rotor, and the entropy increase is negligible. 
Consequently, the back-flowing can scarcely affect the 
thermal efficiency of the present invention. 

Then if the rotors turn some more after the two pockets 

15 meet to each other, the projecting portion of the male 
rotor, reversely, enters the compression pocket of the 
female rotor and thus the air in the pocket is 
progressively compressed; the back-flowing does not occur 
until finishing this compression. Then, when the unit 

20 compression process is almost finished, the comp-air outlet 
arrives at the comp-air passage to open to the compression 
pocket, and then the compressed air is all discharged 
through, this passage to the combustion chamber because the 
pocket containing the compressed air is gradually reduced 

25 and finally becomes null while the comp-air passage is 
opened . 

If, in the compression process of the present 
invention, the back-flowing takes place in the 1 aster stage 
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of the unit compression process, not in the initial period, 
the present invention will be unsuccessful as An engine, 
such as the K. D. Sauder's Rotary Internal Combustion 
Engine stated previously. The Sauder Engine has the 

5 rotors exactly indentical to each other. Therefore, one 
recess-space between the projecting portions of the rotor, 
in a compression process, opens to another faced, and then 
this combined space again opens to another following before 
this space becomes null, which is repeated continuously. 

10 Hence, the compressed air back flows from one recess-space 
to another, here and there, continuously, which results in 
decrease in thermal efficiency. 

Now consider that; in the compression chamber of the 
present invention, the compression pocket containing the 

15 compressed air is gradually reduced and finally becomes 
null whille the comp-air passage is opened- Reversely in 
the expansion chamber, when the comb-gas inlet just arrives 
at the comb-gas passage, the expansion pocket is born at 
this comb-gas inlet, the comb-gas passage being opened. 

20 Then this pocket gradually grows up in closing state, as 
rotors turn- Then after fully grown up, this pocket arrives 
at the exhaust-gas outlet, and then is gradually reduced. 
These actions reversely corresponds to those in the 
compression chamber. 

25 In the expansion chamber, the point corresponding to 

the compression start point is called expansion finish 
point hereinafter- As the rotors rotate, if the expansion 
pocket is born, combustion gases flow from the combustion 
chamber through the comb-gas passage into the just born 
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expansion pocket. Then, the combustion gases expand making 
the rotors rotate; that is, the expansion pocket grows up 
and thus power is produced. Then if the rotors turn 
considerably and thus the projecting portion of the female 

5 rotor arrives at the expansion finish point, the expansion 
pocket is split into two: one fully grown and the other yet 
growing up. At this time, if the two pockets do not 
communicate with each other by a passage, combustion gases 
in the fully-grown expansion pocket of the female rotor can 

10 not expand any more. In the expansion chamber, so as not to 
make this case, the expansion chamber has a gas passageway 
called pressure balance passage formed by a groove on 
the body end face contacted with the end plate additionally, 
used as the wall of the timing gear box. Thus though 

15: the said pocket is split into two pockets, both 
communicate with each other by the pressure balance 
passage. Therefore, combustion gases in the fully-grown 
pocket as well as in the growing pocket expand producing 
power. In the expansion chamber of the present invention, 

20 hence, the combustion gases progressively expand by 
rotating of rotors operating as pistons, as if the gases 
expand in a reciprocating piston engine, and consequently 
the energe for the pressure of combustion gases can 
all be converted into a useful power. Then if the rotors 

25 turn some more, each of these pockets is opened to the 
exhaust-gas outlet and then combustion * gases are 
discharged into the atmosphere by reducing of the pockets. 
Now consider the problems not resolved by the constant- 
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volume combustion otto cycle engine and the constant- 
pressure combustion diesel cycle engine stated previously. 
Any engine cannot resolve all the problems of high speed 
operation, high compression ratio and constant-volume 
5 combustion. However, these problems are resolved by this 
invention. 

The combustion chamber of this invention has at least a 
fuel injection nozzle and a spark plug similar to those 
used in a diesel and a gasoline engine, respectively. As 

10 the comp-air passage is opened to the compression pocket 
and thus the compressed air flows into the combustion 
chamber, fuel is then injected into it in an atomized form 
through the fuel injection nozzle as in a diesel ingine. 
Thus the fuel is immediately ignited and combusted. The 

15 combustion chamber is closed while the fuel burns. 
Therefore the pressure in the combustion chamber is rapidly 
increased to a higher value. After the fuel ingection is 
finished, the expansion pocket is born, and the comb-gas 
passage is opened to the just born expansion pocket. Thus 

20 combustion gases flow out into the expansion chamber , 
expanding progressively. The pressure in the combustion 
chamber gradually decreases depending on the expanding of 
combustion "gases. However, when the pressure drops to the 
same pressure as that of the compressd air to enter in from 

25 the compression chamber, the comb-gas inlet departs 
(closed) from the comb-gas passage, and then the pressure 
cannot drop any more in the combustion chamber due to the 
stop of expanding of gases. Strictly speaking, the flow 
control gate equipped at the combusted-gas passage operates 
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with so moving forward or backward, depending on the load 
of the engine (invention) - in other words, depending on 
the amount of injected fuel - as to prevent the. pressure in 
the combustion chamber from dropping under the pressure of 

5 the compressed air to enter in from the compression 
chamber. Thus, the pressure of gases left in the combustion 
chamber in stop of expanding is maintained equal to that 
of the compressed air entering in from the compression 
chamber. Hence, though the pressures are the same, the 

10 temperature of left gases is tnuch higher than that of the 
entering compressed air. Into this combustion chamber 
containing the high temperature combustion gases, the 
compressed air is again introduced from the compression 
chamber, and is heated by mixing to a higher temperature 

15 than before the mixing. Hence, though air is compressed at 
the same compression ratio as in a diesel engine, the 
compressed air introduced into the combustion chamber has a 
higher temperature than that of the diesel engine at the 
end of the compression stroke. Generally, the higher the 

20 temperature is. the faster the fuel combustion is. 
Therefore, the fuel injected into the combustion chamber 
of this invention ignites and burns more rapidly than in 
the diesel engine. In this invention, moreover, the 
combustion chamber is closed during the combustion, fuel 

25 burning in a constant volume. Hence, not only the 
temperature of working fluid but also the -pressure is 
rapidly increased to a higher value during the combustion 
in this invention than in the diesel engine. This 
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combustion, though its action is so rapid, is progressively 
advanced depending on the fuel injection, which is 
repeated three times a rotation of the female rotor. This 
combustion is distinguished from the constant-volume 

5 combustion that air/fuel mixture is deflagrated in a moment 
by a spark-ignition in an otto cycle engine. The 
progressive combustion has an effect on combustion knock 
suppression, as will later be described again. 

In brief as described above, the present invention can 

10 be operated in constant-volume combustion not only at a 
high compression ratio, but also at a high speed because of 
both the rapid combustion and the perfect balance of the 
rotors in moment of inertia. Consequently, this invention 
has a higher thermal efficiency and also has a higher power 

15 output. 

The rotor-rotated angles related to the compressed air 
ente ranee, the fuel injection and combustion, and the 
flowing-out of combustion gases can be represented by 
equations as follows. 
20 T = A + X + Y + P + Q 

= 120' constant 
X + P = constant 
Y + Q = constant 
where these angles are all based on the rotation of the 
25 female rotor: 

T = Whole Angle made by the rotor rotating during the 

unit process in the combustion chamber. 
A = Air-Input Angle made by the rotor rotating while 
the compressed air enters the combustion chamber. 
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X = Fuel Injection Angle made by the rotor rotating 

during the fuel injection. 
Y = Gas Output Angle made by the rotor rotating while 
combustion gases flow out from the combustion 
5 chamber after the fuel injection. 

P = Fuel Pre-Injecton Angle made by the rotor rotating 
while the fuel is injected before the compressed 
air finishes entering in; in this case, P<0; but if 
fuel begins to be injected after the air finishes 
10 «. entering in, P is positive. 

Q = Gas-Output Extention Angle made by the rotor 
rotating while the gases flow out after the 
compressed air begins entering in for the following 
combustion process; in this case, Q<0; but if 
15 combustion gases finish flowing out before the 

compressed air begines to enter in, Q is positive. 
The air input angle A is a constant defined according 
to the configuration of this invention, and the others all 
are variables depending, on the load of this invention in 
20 operation. For example, suppose that this invention 
operates in following states: 

A * X Y P Q T 
Light Load 40' ' 25* 45' 5* 5* 120* 

Heavy Load 40' 40* 55* -10* -5* 120* 

25 In the case of light load, the fuel injection and 

combustion takes place whi le the female rotor makes 25 
degree rotation, and in the heavy load, the fuel injection 
and combustion continues while the rotor makes 40 degree 
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rotation. 

The combustion chamber is provided with a spark-plug. 
It is used when this invention is difficult to start to 
operate due to the low temperature of the air, such as in 
5 the winter. When the temperature of the air is low, fuel is 
injected and electric sparks are simultaneously generated 
by the spark plug. Thus the injected fuel ignites easilly 
though the temperature is low. 

In a compression-ignition engine such as a diesel 

10 engine, the combustion knock takes place when the ignition 
lag in time between the attainment of the autoignition 
temperature and the spontaneous local appearance of the 
flame is. comparatively long. Thus knocking reduction 
requires short ignition lags in the compression-ignition 

15 engine. On the other hand, the higher the. temperature of 
air/fuel mixture is, the shorter the ignition lag is. 
Consider that the temperature of air/fuel mixture is much 
higher in this invention than in the diesel engine 
operating at the same compression ratio. In this 

20 invention, the so higher temperature prevents the 
combustion knock from producing. If the knocking occurs in 
piston engines, the air and the oil films on the cylinder 
walls are destroyed by the sharp pulsation caused by the 
knocking, and consequently the cooling loss (heat loss) of 

25 the engine is rapidly increased. The extreme knocking can 
destory the engine. In this invention, the combustion 
chamber is segregated form the compression and the 
expansion chamber differently than the cylinder in . the 
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piston engine. Thus though the knocking takes place in this 
invention, the air and the oil films on the walls of the 
compression and the expansion chamber are scarcely 
influenced by the pulsations by the knocking. 

5 The present invention makes the combustion gases expand 

to 1 atm or a predetermined pressure when operated in the 
maximum load. If not equipped with a vacuum preventing 
device in the expansion chamber, the present invention in 
light load will make the gases be overexpanded below 1 atm. 

10 In the present invention, a washer like disk is inserted 

between the power female rotor and the end plate having the 
timing gear box. This disk has both a gas passageway in 
the shape of a groove existing on the rotor side partially, 
not around, and a gear which partially exists on the 

15 opposite side to the gas passageway, and is meshed with a 
pinion. These disk and passageway are respectively called 
vacuum preventing disk and gas feedback passage, 
hereinafter. This vacuum preventing disk is operated 
depending on the load (i,e.. the amount of injected fuel) 

20 of this invention, turning right or left by the pinion 
turning, so as not to make the combustion gases be 
overexpanded below a predetermined pressure. That is, 
the female rotor expansion pocket containing combustion 
gases in expanding communicates to the exhaust gas outlet 

25 side by the gas feedback passage when the gases just expand 
to a predetermined pressure (generally 1 atm). Thus, the 
gases flow from the outlet side into the said pocket after 
fully expanded, which prevents the gases from being 
overexpanded below a predetermined pressure. In this way. 
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the present invention can make the exhaust gas pressure 
maintain 1 atm or a predetermined pressure below 1 atm, 
without any valve in high speed operation. In this 
invention, thus, exhaust gases make no explosion noises, 

5 thermal efficiency increasing the higher instead. 

This invention can operate as an external combustion 
engine as the Stirling Engine if only provided with a heat 
exchanger instead of the combustion chamber and/or another 
heat exchanger at the exhaust gas outlet. In this case, the 

10 operation method for this invention is the same as the 
internal combustion method except the fual injection. 

This invention can be operated as a spark-ignition 
engine in the method that air/fuel mixture ignites by a 
electric spark after compressed at comparatively low 

15 compression ratio as in the gasoline piston engine. In 
this case, it is more desirable that fuel is continuously 
injected into the compression pocket than that fuel should 
be supplied by a carburetor. 

The configuration of this invention provided at the 

20 respective rotor centers with the cylindrical hubs with the 
seal to prevent working fluid from leaking is much better 
in working fluid sealing than that of the engine having 
paired rotors, such as the E. Marti ne's Multistage Engine 
and K,D. Sauder's Rotaty Internal Combustion Engine as 

25 stated before, though not much better than that of a piston 
crank engine. This invention cannot be equipped with the 
seal on the screwed recess surfaces of the rotors. 
However, the configuration of this invention makes it 
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possible to be equipped with seals on the other surfaces 
including the walls of the compression and the expansion 
chamber, as if the wankel rotary engine is equipped with 
seals. The circumferential surfaces of the rotor projecting 

5 and the rotor recess portions, in the zone not existing of 
the hubs, meet to each other in rotating, and thus have no 
seals, and added to that, require a clearance against 
thermal expansion movements of faced rotors. Thus it is 
impossible to seal working fluid in the zone not existing 

10 of hubs. However, in this zone, because the pressure is 
very low either"* in the compression chamber or in the 
expansion chamber, working fluid can scarcely leak from tlj^ 
respective pockets. High pressure exists in the other zone 
that hubs with seals are inserted into the respective rotor 

15 centers. In the hub-existed zone, the seals are contacted 
sliding on the ci rcumf erencial surfaces of the rotor 
projecting portions. Hence, these seals prevent working 
fluid from leaking out from the pockets, which is different 
in configuration than any other engines having pairs of 

20 rotors faced to each other. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective view of the outline of the 
embodiment of the present invention 

FIG. 2 is a perspective view of a typical pair of 
25 rotors of the present invention. 

FIG. 3 is a perspective view of the present invention 
disassembled partially. 

FIG, 4 is a front view of the embodiment of the 
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p resent i nvent i on . 

FIG. 5 is a sectional view taken along line A-A 

of FIG. 4. 

FIG. 6 is a sectional view taken along line B-B-B-B 
5 of FIG. 4. 

FIG. 7 is a sectional view taken along line C-C 
of FiG. 4. 

FIG. 8 is a sectional view taken along line D-D 
of FIG. 4. 

10 FIG. 9 is a partial cutaway view to illustrate the 

compression process of the present invention. 

FIG. 10 is a partial cutaway view to illustrate the 
expansion process of the present invention. 

FIG. It is a diagram to illustrate the combustion 
15 process of the present invention. 

FIG. 12 is a partial section taken along line of FIG. 6. 

Description of the symbols used in the drawings: 
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25 



10 

1 1 

12 

13 

13' 

14 

15. 

15' 

16 

17 



Air Compression Part 
Compression Female Rotor 
Compression Male Rotor 
Rotor-Supported Hub 
Hub Flange 

Compressed-Air Outlet (Comp-Air Outlet) 
Compressed-Air Passage (Comp-Air Passage) 
Compressed-Air Passage 
Air Inlet 

Compression Pocket , 



wo 90/02259 



21 



PCT/KR89/00012 



5 



1 8 : 


Compression Pocket 






Power Generation Part 




0 1 

c. 1 • 


Power Female Rotor 






Power Male Rotor 




^ W m 


Rotor-Supported Hub 




23' : 


Hub Flange 




24 : 


Combusted-Gas Inlet (Comb-Gas 


Inlet) 


25 : 


Combusted-Gas Passage (Comb-Gas Passage) 


25* : 


Combusted-Gas Passage 




26 : 


Exhaust-Gas Outlet 




27 : 


Expansion Ppcket 




28 : 


Expansion Pocket ^ 




^ * 


Pressure Balance Passage 


: 




Combustor 




O 1 • 


Combustion Chamber 






Spark Plug 




33 * 

WW • 


Fuel Injection Nozzle 




34 : 


Flow control Gate 




35 : 

WW • 


Gate Stem 




40 : 


Timing Gear Box 




41 : 


Timing Gear 




42 : 


Bearing 




44 : 


Power Shaft 




51 : 


End Plate 




52 : 


Seal 




52': 


Seal 




53 : 


Compression Start Point 




54 : 


Expansion Finish Point 




55 : 


Vacuum Preventing Disk 
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56 : Pinion 

57 : Gas Feedback Passage 

BEST MODE OF CARRYING OUT THE INVENTION 

The drawings show the outline of the present invention 

5 that the compression and the expansion chmaber are arranged 
parallel with each other. 

FIG- 2 shows one typical pair of rotors of this 
invention, taking the screwed shape with the borelike empty 
portion at respective rotor centers. These rotors are 

10 inserted both in the compression chamber and in the 
expansion chamber so as to travel in circular paths, being 
supported from the cylindrical hubs 13,23 inset into the 
end plate 5t. The compression female rotor 11 and the power 
female rotor 21, and also the compression male rotor 12 and 

15 the power male rotor 22, are geometrically symmetrical as 
mirror image to each other, but are different only in size. 
The all rotors are interconnected by a set of timing gears 
41 so that the female rotor may make 2 rotations for 3 
rotations of the male rotor. 

20 As these rotors rotate, air is sucked in steady flow 

into the compression chamber through the air inlet 16, and 
then is transferred to the opposit side from the air inlet 
by the pockets 17,18 driving it. Then the air in the male 
rotor pocket 18 begins to be compressed after this pocket 

25 arrives at the compression start point 53. Then , as the 
female rotor pocket 17 arrives at the compression start 
point , both pockets 17,18 are combined into one. Thus, as 
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shown in Fig. 9. when these are just combined, the air 
appreciably back-flows from the male rotor pocket 18 to the 
female rotor pocket 17 by the pressure difference of the 
pockets 17,18. However, because the air is slightly 

5 compressed yet. there is no appreciable difference of their 
pressures. Thus, the back-flowing is negligible in increase 
in entropy. Then, according to turning of the rotors, the 
air is progressively compressed without back-flowing until 
the comp-air outlet 14 arrives at the comp-air passage 15. 

10 Then, while the compression pocket 17 containing the 
compr^ed ai r Communicates to the comp-air passage 15 by 
t\h comp-air outlet 15 arriving at the comp-air passage 15, 
this compressed air in high pressure is all discharged to 
the combustion chamber 31 through the comp-air outlet 14- 

15 and passage 15,15'. The compression process including the 
suction and discharge di scribed above is repeated 3 times 
a rotation of the female rotor. 

In the expansion chamber, as the comb-gas inlet 24 
arrives at the comb-gas passage 25, the expansion pocket 27 

20 is born thereat, and simultaneously the comb-gas passage 25 
is opened. Thus, combustion gases flow from the combustion 
chamber 31 into this born pocket, and the pressure in the 
combustion chamber decreases 'gradual ly; that is, the gases 
make the power rotors turn, producing power; in other 

25 words, the gases expand making the pocket grow. Then, when 
the pressure in the combustion chamber decreases to the 
same value with that of the air to enter in from the 
compression chamber, the comb-gas passage 25 is closed by 
the comb-gas inlet 24 departing from it, and thus gases in 
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the combustion chamber pause to flow out to the expansion 
chamber. Therefore, the pressure in the combustion chamber 
does not decrease any more. Strictly speaking, the flow 
control gate 34 equipped on the end plate 51, as shown in 

5 FIG. 8, early or late closes the comb-gas passage 25, so 
moving forward or backward depending on the load of this 
invention - that is, depending on the amount of injected 
fuel - that the pressure in the combustion chamber 
decreases to the same value with the pressure of the air to 

10 enter the combustion chamber. 

After the comb-gas passage 25 is closed, the combustion 
gases in the combustion chamber stop expanding, but the 
gases already introduced into the expansion chamber still 
expand, continuously, producing power. Then, if, as shown in 

T5- FIG. 10, the projecting portion of the female rotor arrives 
at the expansion finish point 54 as the rotors turn some 
more-,, the female rotor pocket 27 fully grown is segregated 
from the male rotor pocket 28 yet growing up. However, 
though segregated, they communicate with each other by the 

20 pressure balance passage 29. Therefore, the gases in the 
female rotor pocket 27 as well as in the male rotor pocket 
28 make the male rotor turn, expanding through this 
pressure balance passage 29 until the projecting portion of 
the male rotor arrives at the expansion finish point 54. 

25 After both pockets grow fully, the gases are transferred to 
the exhaust-gas outlet 26 by the pocket driving them, and 
then are discharged into the atmosphere according to 
reducing of the said pockets. The expansion and exhaust 
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process is repeated 3 times a rotation of the female 
rotor. 

FIG. 11 shows the rotor-turned angles and their 
relationship in order to illustrate the combustion process. 

5 The symbols used in FIG. 11 are the same as those of the 
equations defined before. 

While the female rotor makes the 120 degree revolution 
as shown in FIG. 11, roughly speaking, the air sucked and 
compressed in the compression chamber enters the combustion 

10 chamber; then therein fuel is injected; then it burns; and 
then the resultant (gases) flows out to the expansion 
chamber, expanding and producing power. Consider that when 
the comp-air passage 15 are just opened to the compression 
pocket (when A = 0 in FIG. 1 1 ) , the combustion gases left- 

15 in the combustion chamber have the same pressure as the 
compressed air to enter the combustion chamber has, but 
have the much higher temperature than this compressed air 
has. After the passage 15 is opened (A > 0), the compressed 
air which has the high temperature due to the compression 

20 in the compression chamber, flowing in the combustion 
chamber, is heated to a higher temperature by mixing with 
burnt gases left therein from the previous precess, which 
continues while the female rotor makes the A-degree turn. 
Thus the temperature of air/gases mixture is high enough to 

25 autoignite injected fuel. Then, fuel is injected into the 
combustion chamber in an atomized form as in a diesel 
engine, so that the injected fuel ignites automatically and 
burns, immediately. The amount of injecting fuel is 
adjusted depending on the load of this invention; for 
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example, in the case of overload, the fuel begins to be 
injected before the compressed air finishes entering the 
combustion chamber (P<0 : preinjection) ; and in the case of 
light load, the fuel begins to be injected after the air 
5 finishes entering (P>0 : postinjection) . This fuel 
injection continues until the female rotor makes the turn 
of degree "X + P" after the air entering. Then, the comb- 
gas passage 25 is opened to the expansion chamber by the 
comb-gas inlet 24 arriving at this passage, and thus 
10 combustion gases expand flowing into the expansion chamber, 
making the power rotor turn, and the pressure decreasing in 
the combustion chamber as well as in the expansion chamber, 
which continues until the comb-gas passage 25 is closed 
depending on the load, and during which time the female 
15 rotor makes Y-degree turn. The passage 25 is early closed 
in the light load (Q>0), but is late closed in the overload 
(Q<0). Thus after the female rotor makes the turn of degree 
"Y + Q", the compressed air begins to enter the combustion 
chamber, and then the combustion process described above is 
20 repeated again; namely, this process is repeated three 
times a rotation of the female rotor. 

In the reciprocating piston engine having 4 pistons, a 
power is produced two times a rotation of the crank shaft. 
In the present invention, on the other hand, the process of 
25 the air suction and compression, fuel injection and 
combustion, and combusted-gas expansion and exhaust in 
series is continuously repeated three times every rotation 
of the female rotor. In this invention, therefore, a power 
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is also produced three times a rotation of the female 
rotor. Moreover, this invention can be operated at much 
higher speed because of no reciprocating unbalance than ^he 
piston engine. Hence, it is possible that the present 

5 invention has a higher power output. 

The present invention always makes combustion gases 
expand to a predetermined pressure (generally l atm) 
regardless of load by operating of the vacuum preventing 
disk 55 that, as shown in FIG. 6 and 12, is inser-.ad 

10 between the power female rotor 21 and the end plate w^th 
the timing gear box 40. This disk has the gas feedback 
passage " 57 in the shape of groove on the rotor side, and 
its gear is meshed with the pinion 56; the gas feedback 
passage and the gear exist partially, not around, cn --he. 

15 opposite side to each other. Thus if the load of tnis 
invention is increased somewhat in operation, the vacuum 
preventing disk 55 is turned to the rotating direct- on of 
female rolor 21 in proportion to the load increase, and 
reversely, if the load is decreased somewhat, the d-.sk is 

20 turned to opposite direction of the rotor rotation in 
proportion to the load decrease, so that the female rc-.or 
expansion pocket 27 containing combustion gases in 
expanding may communicate to the side of the exhaust gas 
outlet 26 by the gas feedback passage 57 when the gases 

25 just expand to a predetermined pressure. Thus, oecause 
the said pocket is opened to the outlet side after -he 
gases expand fully, gases of the outlet side can flow into 
the said pocket through the gas feedback passage 57, wnch 
prevents the gases from being overexpanded. Hence, -he 
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present invention can be operated in an ideal cycle, not 
wen -known yet, introduced in the power-producing method of 
the Ki W, Yang's Rotary Engine (US Pat. No 4813388 dated 
Mar. 21, 1989). This cycle is similar to the otto cycle, 

5 but, in the difference, its exhaust process is in a 
constant pressure (i.e., atmospheric pressure) instead of 
the constant volume of the otto cycle. It is characteristic 
of this cycle that the thermal efficiency is higher than 
that of any other cycle operating at the same compression 

10 ratio, and that exhaust gases make no explosion noises,^^ 
Hence, in the case^that the present invention is operated 
in the said cycle, the explosion noises is eliminated, and 
instead, useful power is produced some more; consequently, 
the thermal efficiency becomes the higher. 

15 Now consider that each of rotors is rotatably mounted 

on the cylindrical hub as shown in FIG 5 and 7. It is in 
the zone highly pressured either in the compression chamber 
or in the expansion chamber that the hubs exist supporting 
the rotors. These hubs are equipped with seals 52 with 

20 springs so as to prevent working fluid from leaking out 
from respective pockets. In this way, the problem of fluid 
seal is revolved in the present invention. 
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CIAIMS 

1. A rotary piston engine having two segregated body 
chambers of compression and expansion, and one separable 
combustion chamber. earring out air suction and 
5 compression, combustion resultant expansion and constant- 
pressure exhaust, and fuel injection and constant-volume 
combustion process without any valve respectively, 
characterized by comprising: 

the compression and the expansion body chamber being 
10 arranged parallel adjacent to each other, being 

both formed by two partially overlapped body-bores 
provided respectively with cylindrical hubs 13,23 
at respective centers thereof, having two end 
plates of which one is additionally used as the 
15 wall of a timing gear box 40 and of which the 

other 51 has two gas passages 15,25 longish in 
cross-sectional view, both communicating with each 
other by the combustion chamber 31 and gas 
passageway means, respectively having a inlet 15 
20 and a outlet 26 which are symmetrically arranged 

near the end plate with said timing gear box and 
along the edges made by said overlapped body- 
bores, both having a pair of screwed rotors of 
male and female which are rotatably mounted on 
25 said respective hubs by slipping-in and which are 

perfectly balanced in moment of inertia, and being 
both identical in shape to each other, but 
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said expansion chamber having larger size in cross 
section than said compression chamber, and 
specially having a pressure balance passage 29 
formed by a groove on the body end face on said 

5 end plate with the timing gear box; 

a washerlike disk 55 being inserted between the 
female rotor 21 in said expansion chamber and the 
end plate with the timing gear box, and having 
both a gas passageway 57 in the shape of a groove 

10 partially (not around) existing on the rotor 

side and a gear whi c'ft"- parti al ly exists on the 
opposite side to said passageway 57, and is meshed 
with a pinion 56, so as to prevent working fluid 
from being overexpanded below a predetermined 

15 pressure regardless of load; 

both male rotors 12,22 having two projecting portions; 
the female rotors 11,21 both having three projecting 
portions, being both interconnected to each other 
and also with said male rotors by a set of timing 

20 gears 41 so as to make two rotations for three 

rotations of said male rotor, and both having a 
ringlike plate with three comparatively small 
holes 14,24.; 

said cylindrical hubs all being stuck on said end plate 
25 51, each being equipped with a seal with springs 

to prevent working fluid from leaking out from 
respective pockets formed by said projecting 
portions of rotors; 

said passage 25 being equipped with a flow control gate 
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34 with a stem 35 in order to control the amount 
of combustion resultant flowing from the 
combustion chamber to the expansion chamber; and 
the combustion chamber having at least a fuel 
5 injection nozzle 33 and a spark plug 32, and being 

mounted on the hub flanges with passages 15', 25' 
extended from said passages 15,25, 

2. A rotary piston engine, as defined in claim 1, 
wherein the engine is provided with a heat exchanger 

10 instead of the combustion chamber and/or with another heat 
exchanger at the gas outlet 26, operating as an external 
combustion engine as the Stirling Engine. 

3. A rotary piston engine, as defined in claim 1, 
wherein the combustion chamber is provided with a fuel 

15 injection nozzle or more so as to operate as a spark- 
ignition engine. 

4. A power producing or a gas compressing device, in 
the engine as defined in claim 1, characterized by 
comprising only one expansion chamber (herein working 

20 chamber) without the compression and the combustion 
chamber, 

wherein, as rotors rotate, pressurized gases flow • into 
the working chamber in steplike manner through the passage 
25 making it three times a rotation of the female rotor 21 
25 to open to the just born pocket 27, and, every time, expand 
making rotors turn (producing a useful power), no matter 
what one pocket is split into two, until the gases expand 
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fully to a predetermined pressure by the pressure balance 
passage 29, then being discharged into the atmosphere 
through the outlet 26 in steady flow, or 

wherein, as rotors rotate reversely, gases (such as 

5 air) are sucked into said working chamber through said 
outlet 26, then are progressively compressed to a 
predetermined pressure without back-flowing, and then flow 
out in steplike manner through said passage 26 that is 
opened to said pocket three times a rotation of said female 

10 ro1»r; in the case of compressing, the pressure of 
compressed gases can be adjusted by the flow control gate 
54 and the washerlike disk 55 operating as a discharge 
control valve emd a charge control valve, respectively. 
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AMENDED CLAIMS 

[received by the International Bureau on 22 January 1990 (22.01.90) 
original claims 1-4 replaced by amended claims 1-4 (4 pages)] 



1. (amended) A rotary piston engine having two segregated body 
chambers of compression and expansion, and one separable 
combustion chamber, carrying out air suction and compression, 
combustion resultant expansion and constant-pressure exhaust, and 
fuel injection and constant-volume combustion process without any 
valve respectively, characterized by comprising: 

the compression and the expansion body chamber being 
arranged parallel adjacent to each other, being both formed by 
two partially overlapped body-bores provided respectively with 
cylindrical hubs 13, 23 at respective centers thereof, having 
two end plates of which one is additionally used as the wall of a 
timing gear box 40 and of which the other 51 has two gas passages 
15, 25 longish in cross-sectional view, both communicating with 
each other by the combustion chamber 31 and gas passageway means, 
respectively having a inlet 16 and a outlet 26 which are 
symmetrically arranged near the end plate with said timing gear 
box and along the edges made by said overlapped body-bores, both 
having a pair of screwed rotors of male and female which are 
rotatably mounted on said respective hubs by slipping-in and 
which are perfectly balanced in moment of inertia, and being both 
identical in shape to each other, but said expansion chamber 
having larger size in cross section than said compression 
chamber, and specially having a pressure balance passage 29 
formed by a groove on the body end face on said end plate with 
the timing gear box; 
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washerlike disk 55 being inserted between the female rotor 21 in 
said expansion chamber and the end plate with the timing gear 
box, and having both a gas passageway 57 in the shape of a groove 
partially (not around) existing on the rotor side and a gear 
which partially exists on the oppoosite side to said passageway 
57, and is meshed with a pinion 56, so as to prevent working 
fluid from being overexpanded below a predetermined pressure 
regardless of load; 

both male rotors 12, 22 having two projecting portions; 

the female rotors 11, 21 both having three projecting 
portions, being both interconnected to each other and also with 
said male rotors by a set of timing gears 41 so as to make two 
rotations for three rotations of said- male rotor, and both having 
a ringlike plate with three comparatively small holes 14, 24; 

said cylindrical hubs all being stuck on said end plate 51 » 
each being equipped with a seal 52 with springs to prevent 
working fluid from leaking out from respective pockets fromed by 
said projecting portions of rotors; 

said passage 25 being equipped with a flow control gate 34 
with a stem 35 so as to control the amount of combustion 
resultant flowing from the combustion chamber to the expansion 
chamber: and 
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the combustion chamber having at least a fuel injection 
nozzle 33 and a spark plug 32, and being rigidly but separably 
mounted on the hub flanges with passages 15'. 25' extended from 
said passages 15,- 25. 

2. (amended) A rotary piston engine, as defined in claim 
1, Kherein the engine is provided with a heat exchanger instead 
of the combustion chamber and/or with another heat exchanger at 
the gas outlet 26, operating as an external combustion engine as 
tthe Stirling Engine; 

3. (amended) A rotary piston engine, as defined in claim 
1, wherein the compression chamber is provided with a fuel 
injection nozzle or more so as to operate as a sparkignition 
engine, whereby fuel is injected into the compression chamber, 
and then ignites in the combustion chamber by an electric spark. 

4. (amended) A power producing or c gas compressing 
device, in the engine as defined in claim 1, characterized by 
comprising only one expansion chamber (herein working chamber) 
without the compression and the combustion chamber, 

wherein, as rotors rotate, pressurized gases flow into the 
working chamber in steplike manner through the passage 25 making 
it three times a rotation of the female rotor 21 to open to the 
just born pocket 27, and. every time, expand making rotors turn 
(producing a useful power), no matter what one pocket is split 
into two. until the gases expand fully to a predetermined 
pressure by the pressure balance passage 29. then being 
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discharged into the atmosphere through the outlet 26 in steady 
fiov;, or 

wherein, as rotors rotate reversely, gases (such as air) are 
sucked into said working chamber through said outlet 26, then are 
progressively compressed to a predetermined pressure without 
back-flowing, and then flow out in steplike manner through said 
passage 2G tha^ is opened to said pocket three times a rotation 
cf said female rotor, whereby the disk 55 and the flow control 
gate 34 can respectively adjust the amount of gases to be 
compressed (i'.e., suction gases }and the time of discharge of tiie 
compressed gases, by opening early or late the pocket 27 to gas 
passages 57, 25, and consequently can control the pressure of 
gases to be discharged. 
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FIG. 3 
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FIG.5 
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Anhang zum internatio- 
nalen Recherchenbericht 
Uber die Internationale 
Pa ten tantne Idung 
Nr. 

In diesem Anhang sind 
die Mitglieder der 
Patentfamilien der im 
obengenannten Interna- 
tionalen Recherchenbe- 
richt angefuhrten 
Patentdokumente ange- 
geben. Diese Angaben 
dienen nsr zur Uhterrich— 
tung und erfolgen ohne 
Gewahr . 



Annex to the International 
Search Report on Interna- 
tional Patent Application 
No. PCT/KR 89/00012 



This Annex Lists the patent 
family members relating to 
the patent documents cited 
in the above-mentioned Inter- 
national search report. The 
Austrian Patent Office is in 
no way liable for these par- 
ticulars which are merely 
given for the purpose of in- 
formation. 



Annexe au rapport de 
recherche Internationale 
re la t if a la demande de 
brevet international 



La presente annexe indique 
les membres de la famille de . 
brevets relatifs aux docu^ 
ments de brevets cites dans 
le rapport de recherche Inter- 
nationale vise ci-dessus. Les 
renseignements foumis sont 
donnes a titre indicatif et 
n'engagent pas la responsa- 
bilite de 1' Office autrichien 
des brevets. 



Im Recherchenbericht 
angefuhrtes Patent- 

dokmnent 
Patent document cited 

in seareh- report 
Document de brevet cite 
dans le rapport 
de recherche 



Datum der 
Veroffentlichiong 
Publication 
date 
Date de 
publication 



Mitglied(er) der 
Patentfarailie 
Patent family 
member (s) 
MembreCs) de la 
famille de 
brevets 



Datum der 
Veroffentlichung 
Publication 
date 
Date de 
publication 



US- A - 4487176 
DE-A - 2200240 



11-12-84 



DE-B2- 216384S 



DE-B - 1551071 



GB-A - 155B351 



27-07-72 



27-11-7! 



hfone 



CA-Al- 949454 
FR-A5- 2121269 
6B-A - 1376242 
US- A - 3693601 
IT-A - 945744 



DE-Al- 2163848 
DE-C^- 2163843 



BE-A - 
CS- P- 
DE-A - 
GB-A - 
NL-A - 
NL-B - 
SE-B - 
SU- D- 
US-A - 



700264 
151456 
1551071 
1191312 
6708715 
156479 
328085 
398054 
3437263 



28-12-79 



DE-Al- 2800732 
JP-A2-53099511 
J P-B4-62048078 
US-A - 4142765 



18-06-74 
18-08-72 
04-12-74 
26-09-72 
10-05-73 



28-06-73 
01-07-76 



21-12-67 
19-10-73 
05-03-70 
1 3-05-70 
27-12-67 
17-04-78 

07- 09-70 
17-09-73 

08- 04-69 



17-08-78 
31-08-78 
12-10-87 
06-03-79 



Fop aore details about this annex: see OHicial Jcurnal qi the European Patent 0«ice, Mo. 12/'82. 



